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(57) Abstract 

A multi-step CMP system is used to polish a wafer to form metal interconnects in a dielectric layer upon which barrier and metal 
layers have been formed. A first polish removes an upper portion of the metal layer using a first slurry and a first set of polishing parameters, 
leaving residual metal within the dielectric layer to serve as the metal interconnects. A second polish of the wafer on the same platen 
and polishing pad removes portions of the barrier layer using a second slurry under a second set of polishing parameters. The second 
polish clears the barrier layer from the upper surface of the dielectric layer, thereby forming the metal interconnect To reduce dishing 
and dielectric erosion, the second slurry is selected so that the barrier layer is removed at a faster rate than the residual metal within the 
dielectric layer. A cleaning step may be optionally performed between the first and second polishes. Further, the first polish may include 
a soft landing step to further reduce dishing and dielectric erosion. Alternatively, the first polish may be used to remove portions of the 
metal and barrier layers, leaving residual metal in the dielectric layer to serve as the metal interconnect A second polish using a dielectric 
slurry is then performed to reduce microscratches. 
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MULTI-STEP CHEMICAL MECHANICAL POLISHING 

Field of the Invention 

The present invention relates to chemical-mechanical polishing (CMP) and, 
more particularly, a CMP system using two or more slurries during the CMP process. 

Background Information 

CMP is often used in the fabrication of integrated circuits to planarize a 
surface of a wafer to facilitate subsequent photolithographic process steps or to 
globally remove portions of a layer formed oh the wafer. In particular, CMP can be 
used in fabricating inter-layer interconnects (e g., metal plugs for contacts or vias), or 
for forming intra-layer interconnects (e.g;, copper interconnect lines in a damascene 
process). In addition, CMP can be used in dual damascene processes in which both 
inter-layer and intra-layer interconnects are formed using deposition of a single metal 
layer 

FIG. 1 is a diagram illustrative of a conventional CMP system 10 for polishing 
a wafer 11. CMP system 10 includes a wafer carrier WC1 to hold wafer 11, a 
platen PI with a polishing pad 13, and a slurry dispenser IS with slurry SI. In 
conventional CMP system 10, a down force is applied to wafer carrier WC1 to 
achieve a polish pressure ofF D i. To polish the surface of wafer 11, wafer 
carrier WC1 is also rotated at a rate of ©wci, while platen PI is typically rotated in the 
opposite direction at a rate of copi. In this example, dispenser IS dispenses slurry SI 
to the surface of polish pad 13 to facilitate the polishing process. In this example, 
slurry SI is a slurry designed for metal polishing. A metal slurry (i.e., a slurry for 
metal polishing) is typically water-based, having abrasive particles on the order of 
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twenty to two hundred nanometers in diameter in ml, m , 
density is about 1% t0 s% byweight ^^rT^"^ The ^ 
FIGS 2A anrf ! P yP,Ca,,y ran S ,n « from 3 to 1 1 

"Klcate elements havi„s lh« sam , „ r .• ■, « ° f lhe drawmss to 

FK5.2A, wafer,, (FIG .^71^ °" " " - 
t . K ^ l > nas a semiconductor substrata o\ u -i . 

de«ce ,* as a transistor ^ upo „ ^ J%£*£* * «*■ 

"«l a metal layer 27 are formed It will h. ^ - a banKr ,aver 25 

— - - adhesion or nTl* - ^ IT' 6 " *" ^ - "*> 

dielectric Iayer23. For ~ ~* 10 

CMP system ,0 (FIG. „ ^ ^ " * ° Tu "* stt " <*> <•«. ».h 

*- W p, ugs jn lne J ° f ™" 

typically be formed from Titanium (TO TW x ^ ^ ' ayer 25 would 

W and adhesion pu rp^ TO fflT ! ""'^ " 8 ^ ** for 
conventional C^proL^I^. 28 ' "* ^ " *>er the 

More specifically, referring to FIGS. I 2A and 2B ™r 
«mer Wd, with meta. Iayer27 lacing polish^ Z ,3 T '" "* 

«-*nySI onto tbe polishing pad 13 at a itew ra^of FRI I 
chosen to more selective with respec, to metal lav~27 re If . ^ " 
dielectric ,ayer21. PlatenP, and waf^c rri^ WC " ^ 25 "" d 

»»c„ respectively. ,„ addition, . do v^o « F la 7„ "'"1 " 
perform this conventional ^ ^ '° 

- the endpoin, ZZL^SZZT T !* " -* * *« M- 

• surface of dielectric layer 23 <£Z ^^^T^" 25 " ^ frora *• 
for metal layer 27, the Lova, nT^lw^ "'f f** 
for barrier layer 25 and dielectric hJT ? "V* 1 "**- ra.es 
-ova,, a relativdy large amonn, recess " ^ ^ 
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in the region of the contact holes. This effect is referred to herein as dielectric 
erosion. The amount of dielectric erosion is indicated in FIG. 2B as a. It will be 
appreciated that in a typical CMP application, it is desirable to minimize both a and 5 
while maximizing the throughput of wafers being processed by CMP system 10. 

Another problem encountered in CMP is illustrated in FIG. 3. FIG. 3 shows a 
portion of dielectric layer 23 having microscratches 3 1 formed thereon, after being 
polished using metal slurry SI. Typically, a slurry that is effective in removing metal 
and barrier layers also causes microscratching of dielectric layers. Microscratching is 
generally undesirable in metal polishing because in severe cases, microscratching may 
result in short-circuiting of metal interconnects subsequently formed on the dielectric 
layer. 

One conventional approach to solving the above dishing problem is illustrated 
in FIG. 4. FIG 4 illustrates a two-platen two-slurry CMP system 40. CMP 
system 40 includes CMP subsystems 41 and 42. In this example, CMP subsystem 41 
is implemented with CMP system 10 (FIG. 1), and CMP subsystem 42 is essentially a 
duplicate of CMP subsystem 41. In particular, CMP subsystem 42 includes a wafer 
carrier WC2, a platen P2 with a polishing pad 43, and a slurry dispenser 45 with 
slurry S2. A down force is applied to wafer carrier WC2 to achieve a polish pressure 
of F D2 . Wafer carrier WC2 is rotated at a rate of ©wa, while platen P2 is rotated in 
the opposite direction at a rate of © M . Dispenser 45 dispenses slurry S2 onto 
polishing pad 43 during this second polishing process. Subsystems 41 and 42 may be 
stations on a multi-station CMP machine, or separate CMP machines. 

In this conventional approach, CMP subsystem 41 is used for metal polishing 
of wafer 1 1 using slurry SI, wafer carrier WC1 and platen PI, as described above for 
CMP system 10. Then, wafer 11 is cleaned (not shown) and transported to CMP 
subsystem 42 for dielectric polishing using a slurry S2. To reduce microscratching 
and/or dielectric erosion, slurry S2 is optimized for polishing dielectric layer 23 (i.e., 
sometimes referred to as "second platen buffing"). To reduce dishing, the metal layer 
polishing is performed using barrier layer 25 (FIG. 2A) as the metal polish endpoint. 
Wafer 1 1 is then transported to CMP subsystem 42 for barrier layer polishing using 
slurry S2, which is optimized for barrier layer polishing. These conventional systems 
use two platens because slurries SI and S2 are typically incompatible For example, 
metal slurries typically have a low pH, while dielectric slurries have a high pH. 
Mixing these slurries on the same platen generally causes the abrasive particles in the 
slurries to flocculate and fall out of suspension, which undesirably reduces uniformity 
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of the metal removal. However, the need for transporting the wafer t0 a ^ 
Platen usably reduces throughput of CMP system 40. Therefore, there s an" d 
or a CMP system that reduces dishing, die, ec tric erosion and microsc atch^l t ^ 
reducing wafer uniformity and throughput. 

^ Summary 

In accord*,*, with the present inventlon> , mu|(i 

used to form m.,,1 mterconnects ^ M ^ ^ 

o ■est*,**. r r ta ^ upon * ■ dtoric ™ *it 

nterconnect w,,hm or through the dielectric layer and , blanket metal " 

2r r.s :r ric ,ayer w a w is — >~ 

°° e <**• P^en. invention, ,he CMP system includes a pla,en war. 
• poling pad, , wafer earner, a dispenser, and a controller. The LroJ 
■ configured ,o cause ,he CMP system ,o perform a firs, polish of ,he wafer 1 
po sh removes an upper portion of ,he metal !ayer, leaving residua! metal within * 
dtelectnc ,ayer ,o serve as ,h. metal interconnects. The firs, polish uses a metall™ 
under a first set of polishing parameters metal slurry 

_ Then the controller causes the CMP system to perform a second polish of the 
wa er usmg , ^ ^ ^ , ^ ^ rf ^ • 

embodtmen, ,|, e ^ aurry js ^ ^ ^ 

*cond po ,sh ts then performed ,„ clear the barrier layer from the upp Z surfact of 1 
d^ectnc ayer, thereby forming the meta, interconnect. Beeaus/a barriei slu^ 
used, the bamer layer i, removed a, a faster rate than the residual metal withMhe 
dteiectnc layer, thereby reducing meta, recesses a^ dishing compared to conv^ 
^-..P systems. ,„ addition, because the same platen is used for both polishe 
the throughput rs greater than the aforementioned two-platen system 

In another aspect of the present invention, a cleaning step is used between the 
firs, and second polishes to remove most (ideally all) of the first slurry on the 
pohshmg pad. The wafer is lifted from the polishing pad and de-ionfced water is used 

topurgethepolishingpadofftefirstsluny. In one embodiment, a pad conditioner is 
used to perform the cleaning step. 

In yet another aspect of the present invention, the first polish is modified to 
•nc lude a soft landing step using the first slurry. The bulk metal removal of the first 
pohsh ,s substantially similar to the first polish of the embodiments described above 
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However, the interfacial metal is cleared from the barrier layer using different 
(typically milder) polishing parameters. For example, the polishing pressure is 
typically reduced in the soft landing step. The soft landing step tends to reduce 
dishing and dielectric erosion because the milder polishing parameters tend to reduce 
5 the extent to which the polishing pad resiliency extends into the interconnect openings 
of the dielectric layer during the polishing process. It is believed that this "extension" 
of the polishing pad into the interconnect openings results in polishing of the residual 
metal (causing metal recesses and dishing) and removes dielectric from the area 
surrounding the interconnect openings (causing dielectric erosion). 
10 In still another aspect of the present invention, the first polish is modified to 

remove portions of the barrier layer in addition to the upper portion of the metal layer. 
The first polish exposes portions of the dielectric layer, leaving residual metal and 
barrier within the dielectric layer to serve as the metal interconnects. A cleaning step 
may be optionally performed after the first polish. The then controller causes the 
1 5 CMP system to perform a second polish of the wafer using a second slurry under a 
second set of polishing parameters. In one embodiment, the second slurry is a slurry 
optimized for dielectric layer polishing. This second polish removes an upper portion 

of the dielectric layer with significantly smaller microscratches in the dielectric layer 
compared to polishes using metal and barrier slurries as in the conventional single-step 

20 systems. In addition, because a dielectric slurry is used, the dielectric layer tends to 
be removed at a faster rate than the residual metal within the dielectric layer^ which 
may help reduce the step height between the dielectric layer in the area near the 
interconnect openings and the residual metal. [Further, because the same platen is 
used for both polishes, the throughput is greater than the aforementioned two-platen 

25 system. 

Brief Description of the Drawings 
The foregoing aspects and many of the attendant advantages of this invention 
will become more readily appreciated, when taken in conjunction with the 
accompanying drawings listed below. 
30 FIG. 1 is a diagram illustrative of a conventional CMP system. 

FIGS. 2A and 2B are diagrams illustrative of a cross-section of a wafer during 
a conventional single-step CMP process. 

FIG. 3 is a diagram illustrative of a portion of a wafer having microscratches 
after undergoing a conventional CMP process. 
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^ FIG. 4 is a diagram i„ uslralive of a co„ventio„.„wo.p,a,e„ ^ ^ ^ 

FIG. 5 is a diagram illustrative of a multi-«t»n r\/m . 
embodimem „f ,he presera jnvai|io „ "* "» CMP ^ ,„ „ ne 

5 FIG 6 '»» low diagram j|| UMralive fft 

embodiment of the present invention. ' aCC ° rd ' n8 10 0ne 

10 FIG - 8isaflowdia 8 ra m'«ustrativeoftheoDer a tinnnf.t. 

FIGS 9A-9E are diagrams illustrative of a cross-sect™ n f„ . f ■ 
operation of the mniti-step CMP system 0 f F, GS 5 ^ 8 1 1 8 
«bodimemofthep,es« invention. ' ^° rd " ,e 10 one 

5 system Hfro? 3 "T ^ i " us ' ratire of ,l,e ° f *• -*-P CMP 

MGS IIA -'lDare4a 8 rarasilluslraliveofacross-seclion n f au ,.r j '- 
'*e operation of me multi-step CM P ^ of FIGS 

embodiment of the present inveMion. ' C< * d,ng '° 0ne 

a m „„i To cm!!! "T*" ° f 8 COmPariM " ° f dishi "8 «*ta«d'ty using 

invention ^ , .JL, emb0dirae "' " *" 

Detailed Dftcrri r «,> n 
FIG. 5 illustrates a single-platen multi-step CMP svstem 50 arm a- 
embody, of the presents, a^*^?^^* 

™ controller 59. Thts embodiment is implemented with an or»i.„l rum ,.■ 
such as, for example, an AvantGaard 676 run v 

Phoeni* A7 t ■ 1 , Mrd 676 CMP available from IPEC Planar 

TanZto acl Tt ' WaferCanto51 "while a down Je 

« a r^ f 1 \Tf ^ "* FD addWo "- "* «<- >'« « rotated 
DtspenserS* d, Spal ses slmry ,„ the poking ^ce of polishing pad 53 thjgh 
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platen 52 and holes (not shown) in polishing pad 53. In this embodiment, 
dispenser 56 is configured to store several different slurries and de-ionized (DI) water. 
Dispenser 56 can provide slurry SI, slurry S2 and DI water as desired during the 
CMP process. Pad-conditioning unit 57 cleans and conditions polishing pad 53 
between wafer polishing operations. Controller 59 includes one or more 
microprocessors or microcontrollers (not shown) that are suitably programmed to 
control the operation of wafer carrier 51, platen 52, dispenser 56, and pad- 
conditioning unit 57. Controller 59 includes a memory (not shown) to store software 
or firmware programs that are executed to control the operation of CMP system 50. 

FIG. 6 illustrates the operation of CMP system 50 (FIG. 5), according to one 
embodiment of the present invention. FIGS. 7A-7D illustrate the resulting wafer 
structures at various points during the operation of CMP system 50 for this 
embodiment. Referring to FIGS. 5, 6, and 7A-7D, CMP system 50 operates as 
follows. Before CMP begins, semiconductor substrate 21 of wafer 11 has formed 
thereon dielectric layer 23, barrier layer 25 and metal layer 27. Dielectric layer 23 is 
typically an oxide layer formed by blanket deposition on substrate 21. For example, 
dielectric layer 23 may be silicon dioxide formed by the decomposition of 
tetraethylorthosilicate (TEOS). Dielectric layer 23 is then patterned and etched to 
form contact holes exposing selected areas of the substrate using photolithographic 
techniques that are standard in the integrated circuit fabrication industry. Barrier 
layer 25 is then deposited over dielectric layer 23 and in the contact holes to contact 
substrate 21. The material that barrier layer 25 is composed of generally depends on 
the metal of metal layer 27. For example, when metal layer 27 is made of tungsten 
(W), barrier layer 25 is typically formed from Ti, TiN, or a Tj/TiN stack. When metal 
layer 27 is formed from copper (Cu), barrier layer 25 is typically formed from 
Tantalum (Ta), Tantalum Nitride (TaN) or a Ta/TaN stack. The resulting structure is 
illustrated in FIG. 7 A. 

In this embodiment, CMP system 50 is used to form contacts by removing the 
upper portion of metal layer 27, leaving plugs in the holes (lined by barrier layer 25) in 
dielectric layer 23. 

In a step 61, CMP system 50 is used in a standard manner to perform CMP of 
metal layer 27. More specifically, controller 59 causes dispenser 56 to dispense metal 
slurry SI to the surface of polishing pad 53, as illustrated in FIG. 7A. In addition, 
controller 59 causes wafer carrier 51 to rotate at a rate of ©wc and provide a polishing 
pressure of F D . Further, controller 59 also causes platen 52 to orbit at a rate of (D ORB . 
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Slurry SI can be any suitable metal slurry, such as Cabot 41 10 available from 
Cabot Corporation, Boston MA or Baiplanar 7L or Cabot S<?W Zn* 7 

h«r 2 5 I !lf , "t^ W ' " ,e ' al > ««ta-d Ml barrier 

metal ..ye, 27 r Jl o„T , ** ^ ° f ,he W <* 

« idyer z /, residual portions or plugs 27 2 of metal laver 27 /T?rr> -7 a x 

the barrier-lined contact holes formed in LJ c l 7Jn B ' 7™ " 
polishing is stopped when the barrier layer is WtL thl s , T ' 

15 recesses and dishing of pluss 27 h„, / ' yP ' Ca,,y S ° me metal 

Miing or plugs 27 2 , but the amount of metal recesses is less than in a. 

convenuonal approach described above in conjunction withFIGS. 1 2A and 2B The 
resulting structure is illustrated in FIG. 7B. 

In a step 63, controller 59 causes wafer carrier si k. i a a ' 

conditioning unit 57 to clean polishinc oad si n... ♦ • • 

- siurry S, is . low pH Z and ZJ^JZ *£X£ 

in HO ^ " redUCin8 U " dBirabfe *«— ™* -P » ~ 

m PIG. 7C by an arrow 71 Mating flow of DI water onto .he surface c f wafer 7 

slurry S2-n»y have .he same pH as slurry SI. Fo, example, slurry S2 m av b e 
fcn.ula edaUhe san.pHas.hes.urryS! bu, whh ^ves o a sZ,L s^d 
«*r abras,ve cbarac.eris.ic. ,„ ,hese cases, step 63 nay be omiued becTe 
-m.hr nature of .he slurries will no. likely resuK in fl„ccula.ion 

In . s.ep65, con.roller59 causes wafer carrierSI ,o bring waferll i„,o 
«« w,,h polishing pad 53 with . s^or, polishing pressure F, „hi,e rt.il 
second rate of „W. In addiuon, con,ro,,er 59 causes plate, 52 .„ orbi. a, a se^nd 
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rate ©orb' and dispenser 57 to dispense slurry S2 onto the surface of wafer 1 1 (as 
indicated by an arrow 73 in FIG. 7C). This second polishing step is continued until 
the surface of dielectric layer 25 is exposed, as illustrated in FIG. 7D. During this 
polishing step, plugs 27 2 (FIG. 7C) also get polished, thereby resulting in the removal 
of relatively small amounts of metal to form plugs 27 3 shown in FIG. 7D. 

In one embodiment, slurry S2 is optimized for removal of barrier layer 25. 
Preferably, slurry S2 has a selectivity ratio of about one-to-one or less of metal over 
barrier. Any suitable barrier slurry may be used such as, for example, Gabot 4200 
from Cabot Corporation when barrier layer 25 is formed from Ta, TaN or a Ta/TaN 
stack. Alternatively, slurry S2 may be Baiplanar41 with pH less than four by 
Baikowski International when barrier layer 25 is formed from Ti, TiN or a Ti/TiN 
stack. Yes Because the selectivity of slurry S2 for metal over barrier is reduced in the 
second polishing step, the value of 5 (i.e., metal recesses or dishing) is advantageously 
reduced. In addition, the value of a (i.e., dielectric erosion) also can be reduced when 
slurry S2 is chosen to have a selectivity for barrier over dielectric that is higher than 
for slurry SI. That is, the difference in thickness of dielectric portion 23 3 and 
dielectric portion 23 4 is smaller than it would be if a conventional single-step process 
were used. In addition, because a single platen is used, the throughput of CMP 
system 50 is significantly higher than the aforementioned conventional two-platen 
systems. 

Table 1 summarizes values for the polishing parameters for the various steps 
of this process according to one embodiment. 



Table 1 





First Polish 


Purge 


Second Polish 




2-6 psi 


0 


2-6 psi 


©WC 


12-36 rpm 


n/a 


12-36 rpm 


©ORB 


200-600 rpm 


N/a 


200-600 rpm 


FR 


50-150 ml/min 


100-400 ml/min 


50-150 ml/min 


time 


to barrier end point 


10 sec. 


To dielectric endpoint 


Slurry 


Cabot SSW-2000 


DI water 


Cabot SSW-2000 (50%) 



Although CMP system 50 is described in conjunction with contact fabrication, 
in light of the present description, those skilled in the art of integrated circuit 
fabrication will appreciate that this embodiment of CMP system 50 can also be used 
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to fabricate vias or to fabricate intra-layer interconnects using damascene techniques. 
Damascene techniques are used in some Cu interconnect fabrication technologies. 

FIG. 8 illustrates the operation of CMP system 50 (FIG. 5), according to 
another embodiment of the present invention. FIGS. 9A-9E illustrate the resulting 
wafer structures at various points during this embodiment of the operation of CMP 
system 50. This embodiment is substantially the same as the embodiment described 
above in conjunction with FIGS. 5, 6 and 7A-7D, except that step 61 (FIG. 6) is split 
into two steps to achieve a "soft landing." The term soft landing is used herein to 
refer to changing the polishing parameters near the endpoint to reduce the removal 
rate(s), which tends to reduce dishing and/or dielectric erosion. 

Referring to FIGS. 5, 8 and 9A-9E, CMP system 50 operates in this 
embodiment as follows. In a step 81, CMP system 50 is used in a standard manner to 
perform CMP of metal layer 27, More specifically, controller 59 causes dispenser 56 
to dispense metal slurry SI to the surface of polishing pad 53. This is illustrated in 
FIG. 9A. Slurry SI is a suitable metal slurry for polishing metal layer 27. Preferably, 
slurry SI has a selectivity ratio of greater than ten-to-one of metal over barrier. In 
addition, controller 59 causes wafer carrier 51 to rotate at a rate of © wc and provide a 
polishing pressure of F D . Further, controller 59 also causes platen 52 to orbit at a rate 

Of ©ORB. 

In this embodiment, this metal polishing process is stopped slightly before 
barrier layer 25 is exposed. For example, this step may be performed using timed 
polishing techniques. As illustrated in FIG. 9B, a relatively thin metal layer 27 4 
remains above barrier layer 25. Because the polishing is used to remove the bulk of 
metal layer 27 (FIG. 9A) withoi.! polishing barrier layer 25, step 81 may be optimized 
for a high removal rate. 

In a step 83, controller 59 changes the polishing parameters to achieve a soft 
landing. In particular, controller 59 causes dispenser 56 to continue to dispense 
slurry SI. In addition, wafer carrier 51 need not be lifted to remove wafer 11 from 
polishing pad 53. However, the polishing pressure Fd, the slurry flow rateFR, the 
polishing rate©wc, and the orbit rate ©orb may be reduced. In this embodiment, 
step 83 is performed until barrier layer 25 is detected, resulting in the formation of 
metal plugs 27, in the barrier-lined contact holes formed in dielectric layer 21 as 
illustrated in FIG. 9C The soft landing tends to reduce the dishing of metal 
plugs 27 s . Steps 63 and 65 are then performed as described above. 
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Table 2 summarizes values for the polishing parameters for the various steps 
of this process according to one embodiment. 



Table 2 





rirst Polish 


Soft Landing 


Purge 


Second Polish 


F D 


3-6 psi 


1-3 psi 


0 


2-6 psi 


©wc 


18-36 rpm 


12-24 rpm 


n/a 


18-36 rpm 


©ORB 


300-600 rpm 


200-400 rpm 


n/a 


300-600 rpm 


FR 


50-150 ml/min 


50-150 ml/min 


100-400 
ml/min 


50-150 ml/min 


time 


Timed 


Barrier endpoint 


10 sec. 


Dielectric 
endpoint 


slurry 


Cabot 41 10 


Cabot 4110 


DI water 


Cabot 4200 



FIG. 10 illustrates the operation of CMP system 50 (FIG. 5), according to 
another embodiment of the present invention. FIGS. 1 1A-1 ID illustrate the resulting 
wafer structures at various points during this embodiment of the operation of CMP 
system 50. 



In a step 101, CMP system 50 is used in a standard manner to perform CMP 
of metal layer 27. More specifically, controller 59 causes dispenser 56 to dispense 
metal slurry SI to the surface of polishing pad 53, as illustrated in FIG. 11 A. 
Preferably, slurry SI has a selectivity ratio of greater than ten-to-one of metal over 
barrier. In addition, controller 59 causes wafer carrier 51 to rotate at a rate of ©we 
and provide a polishing pressure of F D . Further, controller 59 also causes platen 52 to 
orbit at a rate of ©orb- 

In this embodiment, this metal polishing process is continued until dielectric 
layer 23 is exposed, as illustrated in FIG. 11B. For example, step 101 may be 
performed using dielectric layer 23 as a polish stop in a suitable conventional endpoint 
detection scheme. An overpolish may be performed to clear any residual barrier layer 
material from dielectric layer 23. As a result of the removal of the upper portions of 
barrier layer 25 and metal layer 27, residual portions or plugs 27! (FIG 1 IB) remain 
in the barrier-lined contact holes formed in dielectric layer 23. Because the metal 
polishing is not stopped until the dielectric layer is cleared, there is typically significant 
dishing of plugs 27i. The amount of dishing is comparable to the dishing of the 
conventional approach described above in conjunction with FIGS. 1, 2A and 2B. 

Then step 63 is performed in which wafer carrier 51 is lifted and a DI water 
purge is performed, as described above in conjunction with FIG. 6. A next step 103 is 
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then performed. In step 103, controller 59 causes platen 52 to orbit at a different rate 
Oorb and d,spenser 57 to dispense slurry S2 onto the surface of polishing pad 53 In 
th,s embodiment, slurry S2 is a dielectric slurry rather than a barrier slurry as in the 
prevously-described embodiments. In addition, controller 59 causes wafer carrier 51 
' to bnng wafer 11 into contact with polishing P ad53 with a different polishing 
pressure F D - while rotating at a different rate of a, wc ". This second polishing step 
removes a portion of dielectric layer 25 to reduce dishing and microsomes More 
specially, dielectric layer 23 is polished so the surfaces of the resulting dielectric 
ayer (portion 23 7 in the field region and portion 23, in the contact region) are about 
^^U. ^ afflux itiTO. „D. During this polishing step, plugs 27, 
(FIG. HQ also get polished, thereby resulting in the removal of relatively small 
amounts of metal to form plugs 27, shown in FIG. 1 ID. 

In one embodiment, slurry S2 is optimized for polishing of dielectric layer 23 
Preferably, slurry S2 has a selectivity ratio of about ten-to-one or more of dielectric 
over metal. Any suitable dielectric slurry may be used such as, for example, Cabot 
type SS12 from Cabot Corporation or Klebosol 30H50 low P H Si0 2 available from 
Rodel. Alternatively, slurry S2 may be BaiplanaMl with pH less than four by 
Ba.lcowski International. This type of slurry has a P H comparable to the pH of 
slurry SI, which allows step 63 to be skipped. Because the selectivity of slurry S2 for 
d.electnc over metal is much increased in this second polishing step, the value of 6 
(«.e., d.sh,ng) ,s advantageously reduced. In addition, microscratches are also 
reduced. As in the other embodiments, because a single platen is used, the throughput 
of CMP system 50 is significantly higher than the aforementioned conventional two- 
platen systems. 

Table 3 summarizes values for the polishing parameters for the various steps 
of this process according to one embodiment. 





First Polish 


Purge 


Second Polish 


F D 


3-6 psi 


0 


2-4 psi 


©wc 


12-24 rpm 


N/a 


12-24 rpm 


©ORB 


200-400 rpm 


N/a 


200-400 rpm 


FR 


50-150 ml/min 


100-400 ml/min 


50-200 ml/min 


time 


Dielectric endpoint 


10 sec. 


20-200 sec 


slurry 


Baiplanar 7L 


DI water 


Rodel Klebosol 30H50 
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In an alternative embodiment, step 101 may be split into two steps using the 
same slurry SI in a soft landing approach. This approach is substantially similar to 
replacing step 1 0 1 with steps 8 1 and 83 (FIG. 8). 

FIGS. 12 and 13 respectively illustrate the amount of dishing and dielectric 
erosion resulting from the use of CMP system 50 (FIG. 5) and the soft landing 
technique (FIG, 8) in a Cu damascene application. In this example, TEOS oxide layer 
of about 5,000A was deposited on several wafers, and several variously sized trenches 
were formed therein. A conformal TaN barrier layer and then a blanket Cu layer were 
then deposited on the oxide layer of each wafer. The barrier and metal layers were 
about 3 50 A and 1.8jim thick, respectively. In particular, this example conforms to 
the Sematech 926 TaN patterns for dishing and dielectric erosion for a Cu damascene 
process. Several of the wafers were then polished using CMP system 50 (FIG. 5) and 
the soft landing system (FIG. 6). Cabot 4110 slurry was used in the first polish and 
Cabot 4200 slurry was used in the second polish under the polishing parameters 
summarized in Table 2 above. 

For comparison, other wafers were polished using the aforementioned 
conventional single-step technique. An IPEC 676 polisher was used to implement 
CMP system 50 (FIG. 5). As shown in FIGS. 12 and 13, significant improvement in 
dishing and dielectric erosion. For example, for 5x10 micron trenches, CMP 
system 50 reduced dishing to about 50A and dielectric erosion to about 710A, 
compared to about 958A and 1250A, respectively for the conventional single-step 
system. No significant differences in microscratching were observed. 

In another example, W contacts were formed using CMP system 50 and the 
process described above in conjunction with FIGS. 5 and 6. In this example, a TEOS 
oxide layer was deposited on several wafers and 0.5|im contact holes were formed 
therein. Then a barrier layer of 800A TiN and 200A Ti was deposited over the oxide 
layer. Finally, a metal layer of 8000A W was deposited on the barrier layer. An IPEC 
676 polisher was used to implement CMP system 50 (FIG. 5) and the two-step single- 
platen process (FIG. 6). 

Cabot SSW-2000 slurry was used in the first polish step. Without the DI 
water purge, yes a modified Cabot SSW-2000 slurry was used in the second polish 
step. More specifically, standard Cabot SSW-2000 was dilutedto have less solid 
content than the standard slurry (i.e., 50% solid concentration relative to the standard 
concentration) under the polishing parameters summarized in Table 1 above. This 
embodiment achieved a reduction of about 50% in dielectric erosion compared to the 
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conventual single-step system; e.g., about 1000A average compared to 2000A 
average for the conventional single-step process. However, only a slight reduction in 
d.shmg was observed; e.g., about 245A average compared to about 250A average for 
the conventual single-step process. It is believed that dishing was not significantly 
reduced because the slurries in the first and second polishing steps have about the 
same selectivity of metal over barrier. No significant differences in microscratching 
were observed. 

In still another example, W contacts were formed using CMP system 50 and 
the process described above in conjunction with FIGS. 5 and 10. In this example a 
1BOS I oxide layer was deposited on several wafers and 0.5um contact holes were 
formed therein. Then a barrier layer of 800A TiN and 200A Ti was deposited over 
the ox,de layer. Finally, a metal layer of 8000A W was deposited on the barrier layer 
An IPEC 676 polisher was used to implement CMP system 50 (FIG. 5) and the two- 
step single-platen process (FIG. 8). 

Baiplanar 7L slurry was used in the first polish step to expose the TEOS oxide 
layer. The DI water purge step was performed before the second polish In the 
second polish, Rodel Klebosol 30H50 low pH SiO, slurry was used under the 
pohshmg parameters listed in Table 3 above. This embodiment achieved slight 
reductions in dishing and dielectric erosion compared to the conventional single-step 
system; e.g., about 2% reduction in dishing and about 10% reduction in dielectric 
erosion compared to the conventional single-step process. However, a 50% reduction 
•n microsomes was observed; e.g., about 150A root mean square (rms) compared 
to about 300A rms for the conventional single-step process. It is believed that dishing 
was not significantly reduced because the polish time of the second polish step was 
25 relatively short in this example, i.e. thirty seconds. 

The embodiments of the multi-step CMP system described above are 
•Hustrative of the principles of the present invention and are not intended to limit the 
invention to the particular embodiments described. For example, in light of the 
present disclosure, those skilled in the art can devise without undue experimentation 
embod.ments using slurries or CMP tools other than those described. In particular 
rotating CMP tools may be used rather the orbital CMP described. Further other 
embodiments may employ three or more polishing steps on a single platen to achieve 
des.red optimization of throughput, dishing and dielectric erosion. Still further those 
skilled ,n the art can implement other embodiments for interconnects structures that 
do not have a barrier layer. Additionally, the terms "wafer" or "semiconductor wafer" 
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have been used extensively herein; however, they may be more generally referred to 
by the term "workpiece" which is intended to include the following: semiconductor 
wafers, both bare or other semiconductor substrates such as those with or without 
active devices or circuitry, and partially processed wafers, as well as silicon on 
5 insulator, hybrid assemblies, flat panel displays, Micro-Electro-Mechanical Sensors 
(MEAMS), MEMS wafers, hard computer disks or other such materials that would 
benefit from planarization. Accordingly, while the preferred embodiment of the 
invention has been illustrated and described, it will be appreciated that various 
changes can be made therein without departing from the spirit and scope of the 
10 invention. 
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We claim: 



1. A method of performing chemical-mechanical polishing (CMP) of a 
wafer using a CMP machine, the CMP being performed on the wafer in fabricating 
metal mterconnects of an integrated circuit, the wafer having fonned thereon a 
d,electnc layer patterned to define an interconnect, a barrier layer formed on the 
dielectric layer and a metal layer formed on the barrier layer, the CMP machine having 
a platen with a polishing pad mounted thereon, a slurry dispenser and a wafer carrier 
tne method comprising: ' 

disposing the wafer in operative position to the polishing pad of the CMP 
machine using the wafer carrier; 

performing a first polish of the wafer with a first slurry using the CMP 
machine configured with a first set of polishing parameters; 

performing a second polish of the wafer with a second slurry using the CMP 
machine configured with a second set of polishing parameters, wherein the second 
polish is performed using the polishing pad and the platen that were used in the first 
polish, and wherein the second slurry is different from the first slurry. 

2. The method of Claim I wherein the metal layer is formed from copper 
and the interconnect defined in the dielectric layer forms part of an intra-Iayer 
interconnect. 

3. The method of Claim 1 wherein the metal layer is formed from 
tungsten and the interconnect defined in the dielectric layer foam part of an inter- 
layer interconnect. 

4. The method of Claim 1 further comprising performing a cleaning 
process of the polishing pad so that the performance of the second slurry is not 
significantly affected during the second polish. 

5. The method of Claim 4 wherein the polishing pad is purged with de- 
ionized water during the cleaning process to remove the first slurry from the polishing 

6. The method of Claim 5 wherein the polishing pad is conditioned during 
the cleaning process. 
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7. The method of Claim 1 wherein the first polish removes portions of the 
metal layer to expose portions of the barrier layer and leave residual portions of the 
metal layer to serve as part of the interconnect defined in the dielectric layer. 

8. The method of Claim 7 wherein the second polish is performed to 
remove the exposed portions of the barrier layer that do not form a part of the 
interconnect defined in the dielectric layer. 

9. The method of Claim 7 wherein performing the first polish of the wafer 
further comprises, prior to the portions of the barrier layer being completely exposed, 
polishing the wafer using the first slurry with a third set of polishing parameters, the 
third set of polishing parameters having at least one parameter that is different from 
the corresponding parameter of the first set of polishing parameters. 

10. The method of Claim 7 wherein the second slurry is more selective for 
the barrier layer over the metal layer in comparison to the first slurry. 

1 1. The method of Claim 7 wherein the second slurry is equivalent to the 
first slurry with a reduced solid concentration 

12. The method of Claim 7 wherein the second slurry has the same pH as 
the first slurry. 

13. The method of Claim 7 wherein the first and second slurries contain 
abrasive particles, the abrasive particles of the second slurry having an average 
diameter that is smaller than that of the abrasive particles of the first slurry. 

14. The method of Claim 7 wherein the first and second slurries contain 
abrasive particles, the abrasive particle of the second slurry being softer in average 
than that of the abrasive particles of the first slurry. 

15. The method of Claim 1 wherein the first polish removes portions of the 
metal and barrier layers to expose portions of the dielectric layer and leave residual 
portions of the metal and barrier layers to serve as the interconnect defined in the 
dielectric layer. 



16. The method of Claim 15 wherein the second slurry is has a selectivity 
of the dielectric layer over the metal layer that is greater than that of the first slurry 
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formed thereon a dielectric layer patterned to H.s„ ' haV " ,g 
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first polishing means for performing a first nolish „f a * • 
slurry and a first set of nnlid,.,.- Wafer with a firs * 
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portions of the metal layer to serve as part of the interconnect defined in the dielectric 
layer. 

25. The apparatus of Claim 24 wherein the second polishing means 
removes the exposed portions of the barrier layer that do not form a part of the 
interconnect defined in the dielectric layer 

26. The apparatus of Claim 24 wherein the first polishing means is further 
configured to, prior to the portions of the barrier layer being completely exposed, 
polish the wafer using the first slurry with a third set of polishing parameters, the third 
set of polishing parameters having at least one parameter that is different from the 
corresponding parameter of the first set of polishing parameters. 

27. The apparatus of Claim 24 wherein the second slurry is has a 
selectivity for the barrier layer over the metal layer that is higher than that of the first 
slurry. 

28. The apparatus of Claim 24 wherein the second slurry is equivalent to 
the first slurry with a reduced solid concentration. 

29. The apparatus of Claim 24 wherein the second slurry has the same pH 
as the first slurry. 

30. The apparatus d of Claim 24 wherein the first and second slurries 
contain abrasive particles, the abrasive particles of the second slurry having an 
average diameter that is smaller than that of the abrasive particles of the first slurry. 

3 1 . The apparatus of Claim 24 wherein the first and second slurries contain 
abrasive particles, the abrasive particle of the second slurry being softer in average 
than that of the abrasive particles of the first slurry. 

32. The apparatus of Claim 18 wherein the first polishing means removes 
portions of the metal and barrier layers to expose portions of the dielectric layer and 
leave residual portions of the metal and barrier layers to serve as the interconnect 
defined in the dielectric layer. 
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33. The apparatus of Claim32 wherein the second slurry is has a 
selectivity of the dielectric layer over the metal layer that is greater than that of the 
nrst slurry. 

34. The apparatus of Claim 32 wherein the second polish is performed to 
remove an upper portion of the exposed portions of the dielectric layer. 

35. A chemical-mechanical polishing (CMP) machine for polishing a wafer 
the wafer having formed thereon a dielectric layer patterned to define an interconnect' 
a barrier layer formed on the dielectric layer and a metal layer formed on the barrier 
layer, the CMP machine comprising: 

a platen having a polishing pad mounted thereon; 

a dispenser operatively coupled to said polishing pad, the dispenser being 
configured to store a plurality of slurries and selectively dispense one or more of the 
stored slurries to the polishing pad; 

a wafer carrier configured to selectively hold the wafer; and 
a controller coupled to the platen, dispenser and wafer carrier, the controller 
being configured to cause the CMP machine to perform a first polish and a second 
polish of the wafer, wherein: 

in the first polish, the controller causes the wafer carrier and platen to 
impart a pohshing motion between the wafer and the polishing pad according to a first 
set of pohshing parameters, and also causes the dispenser to dispense a first slurry to 
an interface between the wafer and the polishing pad; and 

in the second polish, the controller causes the wafer carrier to impart a 
polishing motion between the wafer and the polishing pad according to a second set 
of pohshing parameters, and also causes the dispenser to dispense a second slurry to 
the interface between the wafer and the polishing pad, the second slurry being 
different from the first slurry. 

36. The CMP machine of Claim 35 wherein the CMP machine is an orbital 
CMP machine. 

37. The CMP machine of Claim 35 wherein the metal layer is formed from 
copper and the interconnect defined in the dielectric layer forms part of an intra-layer 
interconnect. 
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38. The CMP machine of Claim 35 wherein the metal layer is formed from 
tungsten and the interconnect defined in the dielectric layer forms part of an inter- 
layer interconnect. 

39. The CMP machine of Claim 35 further comprising a pad conditioner 
configured to performing a cleaning process of the polishing pad to remove first slurry 
from the polishing pad. 

40. The CMP machine of Claim 39 wherein controller is configured to 
cause the pad conditioner to purge the polishing pad with de-ionized water during the 
cleaning process to remove first slurry from the polishing pad. 

41. The CMP machine of Claim 35 wherein the first polish removes 
portions of the metal layer to expose portions of the barrier layer and leave residual 
portions of the metal layer to serve as part of the interconnect defined in the dielectric 
layer. 

42. The CMP machine of Claim 41 wherein the second polish removes the 
exposed portions of the barrier layer that do not form a part of the interconnect 
defined in the dielectric layer. 

43. The CMP machine of Claim 41 wherein the first polish further 
comprises, prior to the portions of the barrier layer being completely exposed, 
polishing the wafer using the first slurry with a third set of polishing parameters, the 
third set of polishing parameters having at least one parameter that is different from 
the corresponding parameter of the first set of polishing parameters. 

44. The CMP machine of Claim 41 wherein the second slurry is more 
selective for the barrier layer over the metal layer in comparison to the first slurry. 

45. The CMP machine of Claim 41 wherein the second slurry is equivalent 
to the first slurry with a reduced solid concentration. 

46. The CMP machine of Claim 41 wherein the second slurry has the same 
pH as the first slurry. 
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47^ The CMP machine of Claim 41 wherein the first and second slurries 
contain abrasive particles, the abrasive particles of the second slurry having an 
average d,ameter that is smaller than that of the abrasive particles of the first slurry. 

48. The CMP machine of Claim 41 wherein the first and second slurries 
contam abrasive particles, the abrasive particle of the second slurry being softer in 
average than that of the abrasive particles of the first slurry. 

49. The CMP machine of Claim 35 wherein the first polish removes 
portions of t e metal and barrier layers to expose portions of the dielectric layer and 
eave residua, portions of the meta, and barrier layers to serve as the interconnect 
defined in the dielectric layer. 

50. The CMP machine of Claim 49 wherein the second slurry is has a 
selec ,vny of the dielectric layer over the metal layer that is greater than that of the 

first slurry. 

51. The CMP machine of Claim 49 wherein the second polish is performed 
to remove an upper portion of the exposed portions of the dielectric layer. 

52. A process of fabricating a wiring structure, comprising the steps of: 

(a) forming at least one opening in an inter-level insulating layer 
over a substrate; 

(b) growing conductive metal in said at least one opening in such a 
manner that a piece of said conductive metal has a projection over an upper surface of 
said inter-level insulating layer; 

(c) polishing an upper portion of said projection under severe 

conditions; and 

(d) polishing a remaining portion of said projection under mild 
condmons until said piece of said conductive metal becomes coplanar with said upper 
surface of said inter-level insulating layer. 

53. A process of fabricating a wiring structure, comprising the steps of: 

(a) forming at least one opening in an inter-level insulating layer 
over a substrate; 
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(b) growing conductive metal in said at least one opening in such a 
manner that a piece of said conductive metal has a projection over an upper surface of 
said inter-level insulating layer, 

(c) polishing an upper portion of said projection at a high speed; 

and 

(d) polishing a remaining portion of said projection at a low speed 
until said piece of said conductive metal becomes coplanar with said upper surface of 
said inter-level insulating layer. 
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CMP OF INTERFACE METAL FILM 
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Y 



63 



CMP OF BARRIER LAYER USING 

SLURRY S2 WITH POUSH 
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